Grasspea (Lathyrus sativus L.) is an important grain legume crop cultivated in many countries of the world as animal feed. There is need to improve the plant through various available techniques. The study is aimed to develop an efficient and reproducible protocol for in vitro rapid and large-scale propagation of the plant from immature zygotic embryos using various concentrations of Thidiazuron (TDZ) and 6 benzylaminopurine (BAP)-α Naphthalene acetic acid (NAA) with and without ascorbic acid. The results showed that both TDZ and BAP-NAA without ascorbic acid were ineffective to induce shoot regeneration from explants due to excretion of phenolic compounds. The TDZ (with ascorbic acid) was more potent for axillary shoot regeneration compared to BAP-NAA (with ascorbic acid) with the highest shoot regeneration on MS medium containing 0.45 mg/l TDZ. The shoots regenerated on MS medium containing 0.45 mg/l TDZ (with ascorbic acid) were rooted on MS medium supplemented with 0.30, 0.60, 0.90 and 1.20 mg/l NAA. The best rooting was achieved on MS medium containing 0.90 mg/l NAA. It was not difficult to acclimatize all of the rooted plants in soil in greenhouse.
Introduction
Grasspea (Lathyrus sativus l.) is a self-pollinated, annual, herbaceous legume rich in protein in the tribe Vicieae (Adan.) de candolle of the family Fabaceae (17) . Grasspea is an important grain legume crop cultivated in the Mediterranean Basin and in temperate, as well as tropical countries from the canary islands in the West through Germany in the north and ethiopia in the south, to india and central Asia in the east (6) . It is is well adapted to adverse agricultural conditions such as flooding, drought, salinity, low soil fertility and pathogen-infested soil. The domestication of grasspea began in the Balkan Peninsula as a result of expansion of near east agriculture in the region (7) . In general, grasspea is used as animal feed in green and dry form or as grains. They have ability to fix nitrogen in the soil and therefore can be used as green manure on nutrient poor soils. It is also used as vegetable in some parts of the world.
Unfortunately, its potential has not been fully utilized because of the presence of a neurotoxin amino acid b-Noxalyl-L-a,b-diaminopropionic acid (ODAP/BOAA); which can result in paralysis in humans and lower limbs of animals by affecting central nervous system on prolonged consumption. Conventional breeding practices and other agronomic approaches explored to date have not been successful in substantially reducing the toxin (1, 3, 14) .
Along with Pisum, Lens and Vicia, this genus may be a source of new and useful genetic traits for closely related genera for future plant breeding work improving commercially valuable species (8) .
In vitro plant regeneration has been reported in L. sativus through cotyledonary node (1), cotyledon, hypocotyl, epicotyl, internode and leaf explants (2) and in L. cicera through immature zygotic embryos (14) along with plant regeneration from protoplasts of L. sativus (4, 8) and L. odoratus (11) . However, to date, there is no report on in vitro plant regeneration of L. sativus using immature zygotic embryos. The study aimed to develop an efficient and reproducible protocol for rapid and large-scale propagation of L. sativus from immature zygotic embryo explants of field grown plants.
Materials and Methods
The seed pods containing immature zygotic embryos belonging to Line No. LS 2045 (of Osman Tosun Gene Bank of the Faculty of Agriculture, University of Ankara, Turkey) were collected from the experimental fields of the Department of Field Crops, University of Ankara, Turkey during last weeks of June 2007 after 18-20 days of anthesis. These were sterilized with 50 % commercial bleach (5-6 % NaOCl, Ace -Turkey) in laminar flow hood by continuous stirring for 20 min. It was followed by 3 x 5 min rinsing of the pods in sterile distilled water. The pods were cut open with forceps and the immature embryos were removed from the seeds by removing testa and squeezing them hard with forceps to obtain immature embryos (1-2 mm in length).
The immature embryos were cultured on MS medium (9) containing 1-4 mg/l BAP-0.5 mg/l NAA (Table 1) or 0.05-0.45 mg/l tDZ ( Table 2) , with or without 0.4 mg/l ascorbic acid contained in 100x10 mm Petri dishes™ and were incubated at 24±2 o c in 16 h day length photoperiod. the regenerated shoots on MS medium containing 0.45 mg/l TDZ were rooted on MS medium containing 0.30-1.20 mg/l NAA in Magenta vessels GA7™. The pH of all cultures was adjusted to 5.6-5.8 before adding 0.65% agar (Duchefa) and autoclaving at 121 o c, 118 kPa pressure for 20 min. 
Results and Discussion
Initial experiments showed that explants induced phenolic compounds to a variable degree, both on medium containing BAP-NAA or TDZ without ascorbic acid; which hindered the regeneration from explants (results not shown).
Axillary shoot regeneration on MS medium containing different concentrations of BAP -NAA and ascorbic acid
High frequency of shoot regeneration was recorded on MS medium containing different concentrations of BAP-NAA with a range of 73.33 to 93.33% ( Table 1) . However, maximum number of 2.5 shoots per explant was recorded on MS medium containing 2 mg/l BAP -0.5 mg/l NAA.
A dramatic decrease in the number of shoots per explant was recorded when the concentration of BAP was decreased to 1 or increased to 4 mg/l BAP with 0.5 mg/l NAA. Similarly the maximum shoot length of 6.23 cm was recorded when the MS medium was supplemented with 2 mg/l BAP -0.5 mg/l NAA. However, increase in the concentration of BAP to 4 mg/l had a negative effect on shoot growth. It resulted in dramatic decrease in the mean shoot length to 4.13 cm per explant and a mean number of shoots per explant to 1.77.
Axillary shoot regeneration on MS medium containing different concentrations of TDZ with ascorbic acid
Different concentrations of TDZ had variable effect on the frequency of shoot regeneration with a range of 53.33 to 100.00 % ( Table 2) . Maximum numbers of 8.47 shoots per explant with mean length of 1.71 cm was recorded on MS medium containing 0.45 mg/l TDZ (Fig. 1) . It was closely followed by 6.32 and 6.53 shoots per explant on MS medium containing 0.30 and 0.60 mg/l TDZ. A sharp decline in the number of shoots and shoot length was recorded at all other concentrations of TDZ. Rooting A range of 33.33 to 91.67% branched roots was recorded on different concentrations of NAA in the rooting media ( Table 3) . Each increase in the concentration of NAA was accompanied with increase in the frequency of rooting and the maximum rooting of 91.67% was recorded at 0.90 mg/l NAA in the rooting medium ( Fig. 2a) followed by dramatic decrease in shoot regeneration at 1.20 mg/l nAA in the rooting medium. All rooted plantlets were not difficult to acclimatize in the greenhouse (Fig. 2b) and were successfully transferred to the fields.
The results showed that both BAP-NAA and TDZ were suitable for induction of shoot regeneration on immature zygotic embryos only if they contained 0.4 mg/l ascorbic acid in the regeneration medium. However, MS medium containing TDZ was more potent to induce shoot regeneration compared to BAP alone or BAP-NAA. Previous research shows successful shoot regeneration in L. sativus through cotyledonary node (1), cotyledon, hypocotyl, epicotyl, internode and leaf explants (2) along with plant regeneration from protoplasts of L. sativus (4, 8) and L. odoratus (11) . Shoot regeneration from immature zygotic embryos has also been described by Sahin-Demirbag et al. (14) in L. cicera. This is in contrast to the results of (12) found that callus formation and shoot regeneration were achieved only in MS medium supplemented with 10.7 µM naphthalene acetic acid and 0.9 -1.4 µM kinetin.
It was not difficult to root the regenerated shoots on MS medium supplemented with different concentrations of NAA. It was not necessary to transfer the rooted shoots to MS medium without growth regulators for elongation and development. This is in contrast to the observations of Barik et al. (1, 2) ; who found it necessary to root the regenerating shoots in half strength (1/2) MS medium supplemented with iAA, iBA, or iPA and were able to elongate the roots only after the rooted shoots were transferred to half strength MS lacking the auxin. Roy et al. (12) also rooted the shoots of L. sativus in 1/2 strength MS medium supplemented with 0.5µM indole 3 butyric acid. No root formation was observed when shoots were cultured in the medium devoid of auxins in agreement with Barik et al. (1, 2) . Our results are also in contrast to Gulati and Jaiwal (5) and Polisetty et al. (10) , who found that auxins 
Conclusions
these in vitro grown plantlets were easily acclimatized in soil compost contained in transparent plastic pots under greenhouse conditions. All plantlets survived in the greenhouse. This protocol could be used for plant improvement through Agrobacterium-mediated genetic transformation or through in vitro mutation breeding for reducing or eliminating the neurotoxic amino acid b-N-oxalyl-L-a,b-diaminopropionic acid.
